Oxidative Burst, PR-Proteins, Phenylpropanoid Metabolism Suspension cultured soybean (Glycine max [L.] Merr.) cells of four cultivars (Wilis, Lumut, Kalmit, Doko RC) were compared for their response to different fungal and bacterial elici tors. Cells were treated either with crude cell wall extracts of the fungal pathogens Phytophth ora sojae (Pmg-elicitor) and Rhizoctonia solani (Riso-elicitor) or with two isolates of the bacterial pathogen Pseudomonas syringae pv. glycinea (Psg01/02) and a broad spectrum of antimicrobial defence reactions was measured. Cells of all four cultivars showed the same elicitor-induced rapid (H20 2 accumulation, alkalinization of the culture medium, peroxidative cross-linking of cell wall proteins) and slow (activation of phenylpropanoid metabolism, accumulation of phenolic compounds, induction of PR-proteins) defence responses. How ever, the reactivity of the cultivars was not identical in terms of time courses and intensities. Furthermore, the ability of the various elicitors to induce defence responses varied markedly. These differences indicate that (1) cells of the same species but of different cultivars are equipped with the same array of perception systems to recognise various stimuli but (2 ) the sensitivity of these perception systems or later steps in the signal transduction seem to be stimulated to a different extent in the analysed cultivars.
Introduction
Plants possess a broad spectrum of constitutive and inducible defence reactions against pathogen attack. Induced defence reactions include rapid re actions independent of a de novo protein synthesis such as early ion fluxes across the plasma mem brane (Bach et al., 1993) and the very rapid tran sient accumulation of reactive oxygen species (Wojtaszek, 1997) which is often accompanied by reinforcement of cell walls through cross-linking of phenolic compounds (Nicholson and Ham merschmidt, 1992 ) and of structural cell wall pro teins (Bradley et al., 1992; Otte and Barz, 1996) . Synthesis of PR-proteins (Van Loon et al., 1994) , Abbreviations: Aro, crude cell wall extract of Athelia rolfsii; cv, cultivar; DPI, diphenyleneiodonium; LMCL, luminol-dependent chemiluminescence; MES, 2-[N-morpholinojethanesulfonic acid; PAL, phenylalanine ammo nia lyase; Pmg, crude cell wall extract of Phytophthora sojae\ Psg01/02, Pseudomonas syringae pv. glycinea iso late 01/02; Riso, crude cell wall extract of Rhizoctonia solani; RLU, relative light units; hrp, hypersensitive re action and pathogenicity. activation of phenylpropanoid metabolism (Hahlbrock and Scheel, 1989 ) and accumulation of phy toalexins (Barz, 1997) are prominent slow defence reactions depending on transcription and transla tion (Kombrink and Somssich, 1995) .
A prerequisite for the induction of defence reac tions is the recognition of the pathogen by the plant. Molecules released or generated during pa thogen attack, so-called elicitors, are thought to act as signals that are perceived by plant cells and activate defence reactions. Among these elicitors are fragments of the fungal cell wall such as glucans, chitins, glycopeptides, glycoproteins and ste rols which are supposed to be recognised by recep tors on the plant plasma membrane. For some purified elicitors strong evidence for high affinity binding proteins at the plasma membrane has been presented (Nürnberger, 1999) . In contrast to fungal pathogens bacterial pathogens, at least in several incompatible interactions of Pseudomonas syringae and Xanthomonas, seem to be recognised in the cytosol of plant cells. According to a current hypothesis such bacterial elicitors are transferred into the plant cell by a bacterial tunnel-forming 0939-5075/2000/0900-0718 $ 06.00 © 2000 Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com • D system encoded by hrp-genes (Bonas and van den Ackerveken, 1997) .
Plant defence reactions were measured in plant/ pathogen systems as well as in the simplified model system of cell suspension culture/elicitor. Most analyses of defence reactions were per formed on a few cultivars and elicitors only. Even for the well-examined plant species soybean (Gly cine max [L.] Merr.) only three cultivars (i. e. Harosoy, Williams, Kent) have extensively been studied (Ebel et al., 1984; Graham and Graham, 1991; Levine et al., 1994) . Furthermore most publi cations deal with a few defence reactions. Thus, little knowledge has been gained about the reac tivity of different cultivars towards a set of various stimuli. Therefore in parallel experiments suspen sion cultured soybean cells of four different culti vars (Wilis, Lumut, Kalmit, Doko RC) were treated with crude cell wall extracts of the fungal pathogens Phytophthora sojae and Rhizoctonia solani and with two isolates of the bacterial patho gen Pseudomonas syringae pv. glycinea. As antimi crobial defence reactions the transient accumulation of H 20 2 and the adherent alkalinization of the culture medium, the peroxidative cross-linking of cell wall proteins, the activation of phenylpropanoid metabolism and its branched pathways as well as the induction of PR-proteins were analysed. All cultivars showed the same range of defence reactions but time courses and intensities differed significantly between the culti vars and the elicitors.
Materials and Methods

Chemicals and antisera
Luminol (5-amino-2,3-dihydro-l ,4-phthalazinedione), laminarin, diphenyleneiodonium (DPI) and 4-hydroxybenzoic acid hydrazide were purchased from Sigma (Munich, Germany), carboxymethylated-chitin-RBV from Loewe Chemi cals (Sauerlach, Germany), hydrogen peroxide (30% solution) from Fluka (Buchs, Switzerland). The anti-p33-serum, a polyclonal antiserum gener ated by immunisation of rabbits with p33 PRP from soybean cells (Bradley et al., 1992) , was pro vided by Dr. C. J. Lamb (La Jolla, Calif., USA). All other chemicals were of the highest purity commercially available.
Plant cell cultures
Cell suspension cultures of Glycine max (L.) Merr. cv Wilis, Lumut, Kalmit and Doko RC had been previously established in our laboratory by I. Rath and were grown in the dark in modified MSmedium (Murashige and Skoog, 1963; Gamborg et al., 1968) . Cell cultures were transferred (2-3 g f.w./40 ml) to fresh medium every 7 d (growth yield approximately 7 g f.w per flask). For the de termination of phenylalanine ammonia lyase activ ity a defined inoculum of cells (1.5-2.0g f. w./ 20 ml medium, depending on the cultivar) was al lowed to grow for 5 d before use. For the measure ments of H 20 2, of extracellular pH changes as well as for the determination of PR-proteins and of phenolic compounds cells were separated from the medium 5 d after subculture, washed and transfer red to assay medium (4% MS, 3 % sucrose, 10 mM MES (2-[N-morpholino]ethanesulfonic acid), pH 5.7), pH-medium (4% MS, 3 % sucrose, pH 6.0) or MS-medium, respectively. Before elici tation cells were equilibrated in the respective me dium for 2 1/2 h on a rotary shaker (120 rpm) in the light.
Elicitors
From the fungal soybean pathogens Phytophth ora sojae, Rhizoctonia solani and Athelia rolfsii heat-soluble cell wall extracts were prepared ac cording to Ayers et al. (1976) . P. sojae race 1 was a kind gift of Prof. Dr. J. Ebel, LMU, Munich, R. solani (Nr. 277 .81 ex soja) and A. rolfsii (Nr. 140.82 AG-1 ex soja) were purchased from the Instituut voor Schimmelculturen, Baarn, The Neth erlands.
The freeze-dried wall material was diluted in bidistilled water and autoclaved. If not stated otherwise the final concentration used in the ex periments was 100 jig per ml cell suspension.
Two isolates of Pseudomonas syringae pv. gly cinea were collected in Indonesia with the help of Dr. M. Machmud, Research Institute for Food Crop Biotechnology, Bogor, Indonesia, and kindly characterised by Dr. I. Reiff, Münster University. The bacterial cells were treated and prepared for elicitation as described by Orlandi et al. (1992) . The optical density at 500 nm of the bacterial sus pensions used in the experiments was 0.2 if not stated otherwise.
Extracellular pH changes and //20 2-production Extracellular pH changes were measured con tinuously in the cell suspension cultures after elici tation using an electrode. The H 20 2 formed in soy bean cell suspensions was determined by luminoldependent chemiluminescence as described by Otte and Barz (1996) except that the measure ments were carried out under light. A H 20 2 stan dard curve allowed the calculation of relative light units in ^im of H 20 2.
Detection of cell wall proteins
Cell wall proteins were extracted from elicited cells 5 d after subculture. Protein extracts, sodium dodecylsulfate polyacrylamide gel electrophoresis and Western Blot analysis were performed as de scribed earlier (Otte and Barz, 1996) .
Preparation of enzyme extracts
Treatment of cells and medium for the prepara tion of enzyme extracts was identical for chitinase, ß-l,3-glucanase and phenylalanine ammonia lyase (PAL) assays, respectively, except for the buffers. For the two PR-proteins the buffer contained 100 m M potassium acetate, pH 5.2, for the determi nation of PAL-activity 100 m M potassium phos phate, pH 8.0 and 1.4 m M ß-mercaptoethanol. Cells were separated from the medium by filtra tion. Medium and cells were shock frozen in liquid nitrogen and stored at -20 °C until further use.
Crude cell extracts were obtained by homoge nizing x g cells with % x ml buffer, polyvinyl polypyrrolidone (x/10o g) and sand in a mortar. After centrifugation for 15 min at 26.000 xg the superna tant was desalted on Sephadex G-25 (PD 10, Phar macia, Freiburg, Germany). Except for the mea surements of PAL-activity which were performed immediately after the isolation the enzyme solu tion was stored at -20 °C. The protein content of enzyme extracts was determined by the method of Bradford (Bradford, 1976; Read and Northcote, 1981) with bovine serum albumin as a standard.
The medium was desalted on Sephadex G-25 (s. above) and also stored at -20 °C until use.
Chitinase and ß-l,3-glucanase activities
Chitinase activity was determined according to Wirth and Wolf (1990) . Determination of ß-1,3-glucanase activity was performed as described by Kombrink and Hahlbrock (1986) except that 4-hydroxybenzoic acid hydrazide was used as a colour reagent to determine the amount of released re ducing sugar moieties. As substrate reduced lami narin was used prepared after Boiler (1992) .
Phenylalanine ammonia lyase activity
Phenylalanine ammonia lyase activity was de termined according to Moerschbacher (1988) . 600 ^il boric acid buffer (0.1 m , pH 8.8) were in cubated for 1 min at 40 °C with 300 (il of enzyme extract. The reaction was started with 100 ^il of lphenylalanine solution (60 mM in boric acid buffer, s. above). The extinction was measured for 20 min using an UVIKON 933 Double Beam UV/VIS Spectrophotometer (Kontron Instruments, Neu fahrn, Germany) at 290 nm against 10 m M phenyl alanine in buffer (s. above). The enzyme activity was calculated by linear regression with the help of a cinnamic acid calibration curve.
Phenolic compounds
For the determination of soluble phenolic com pounds according to Swain and Hills (1959) cells were transferred to fresh medium (0.25-0.3 g f.w./ 6 ml medium) 5 d after subculture in 6-well plates and equilibrated for 2 Zi h before treatment. D i rectly after elicitation as well as 4 d later 1 ml ali quots of the cell suspension cultures were har vested, centrifuged (16.060 g) and 150 (il of the supernatant were diluted with 800 |il of bidistilled water and incubated with 50 |il Folin-Ciocalteus phenolic reagent. After 3 min 100 (il of a saturated sodium bicarbonate solution (35 mg/100 ml A. bidest.) was added. 60 min later the samples were measured photometrically at 700 nm against water instead of supernatant. For quantitative determin ations a calibration curve set up with phloroglucinol (9.5 to 95 nmol) was used.
Results
As part of a comprehensive research program on soybean cultivars (i.e. Wilis, Lumut, Kalmit, Doko RC) well growing cell suspension cultures had also been established. In order to compare these soybean cultivars with regard to the expres sion of defence reactions we treated the cell sus pension cultures of the four cultivars with crude cell wall extracts of Rhizoctonia solani (Riso-elicitor) and Phytophthora sojae (Pmg-elicitor) as well as with living bacterial cells of two isolates of Pseudomonas syringae (Psg01/02).
Oxidative burst
One of the earliest elicitor-induced cell re sponses is a rapid and transient accumulation of reactive oxygen species (ROS), the so-called oxi dative burst. One representative species, namely H 20 2, was determined by luminol-dependent chemiluminescence. Cells were transferred on day five after subculture to assay medium and then adapted for 2 A h before addition of elicitors be cause cell transfer to a medium with a different osmolarity is a stress factor in itself which induces an oxidative burst. The resulting value in chemilu minescence (20-30 R LU * 103 * 10 s_1) is low compared to elicitation (300-4.000 RLU * 103 * 10 s-1 after addition of Riso-elicitor) but to clearly determine elicitor effects a preincubation of 2 A h was necessary. After this time period chemilumi nescence of the untreated cell suspension cultures is stable and low (data not shown).
As an example a typical kinetic of the elicitorinduced H 20 2 accumulation in soybean cell sus pension cultures is shown in Fig. 1 . It demonstrates Comparative studies of two cultivars (Wilis, Lumut) showed differences between the maximal values and time courses of H 20 2 accumulation. In suspension cultures of cv Wilis the bacterial elici tor Psg02 induced a sharp transient increase of H 20 2 whereas cells of cv Lumut showed a pro longed burst for more than one hour (Fig. 2) . Furthermore, the cells of the two soybean cultivars greatly differed in their reactivity towards PsgOl and Psg02. With the bacterial elicitors reactivity of cells from cv Lumut was equally strong for both isolates of Pseudomonas syringae, unlike cells from cv Wilis which produced much more H 20 2 after addition of isolate 02 than isolate 01 (Fig. 3) . Heat-killed as well as living bacterial cells led to the release of H 20 2.
When comparing the maximal amounts of H 20 2 induced by the fungal elicitors the cell suspension cultures of three cultivars produced significantly less H 20 2 after application of Pmg-elicitor than af ter addition of Riso-elicitor (students t-test: 10% significance for cv Kalmit; 2.5% for cv Wilis and Lumut). Only cells of cv Doko RC showed nearly equal values for both elicitors (Fig. 3 ). The elicitorinduced H 20 2-maximum for cv Wilis was found to be considerably lower in comparison with the three other cultivars. Though some batches showed higher values.
These results indicate that the four cultivars pos sess a perception system for both the bacterial and the fungal elicitors used in this study but that the sensitivity of the cells varies depending on the elic itor and cultivar.
The extent of H 20 2 production is dependent on elicitor concentration but even with high amounts of Pmg-elicitor (400 ^ig/ml) cells of cv Wilis and Lumut produced less H 20 2 than after addition of 100 |j,g/ml Riso-elicitor (data not shown). Thus, it can be assumed that the two fungal elicitors con tain different elicitor-active substances.
In several plant and animal systems desensitisa tion of signal perception after a second elicitor and Phytophthora sojae (Pmg-elicitor), respectively. The bacterial elicitors were two isolates of living cells of Pseudomo nas syringae pv. glycinea (Psg01/02) (50 [il/ml medium, od500= 0.1). As con trol an equal amount of sterile bidis tilled water or MES-buffer (0.5 m M , pH 6.0) was added. Data are means (± se) of three independent experi ments. treatment has been described . Results on the production of H 20 2 after two suc cessive treatments with the same (homologous) or a different (heterologous) elicitor are shown in Ta ble I. After a first treatment of cells of cv Wilis and Lumut with Riso-or Pmg-elicitor a second application of the same or another elicitor induced a much lower value of H 20 2. The cells were com pletely or partly desensitised. When Riso-elicitor was applied to cells of cv Wilis after a first treat ment with Riso-or Pmg-elicitor the luminol-de pendent chemiluminescence reached only 6.3 and 15.4%, respectively, of the values obtained by a single treatment with Riso-elicitor (Table I) . A similar result was obtained by a 2-fold treatment with Pmg-elicitor. Application of Riso-elicitor and a subsequent treatment with Pmg-elicitor did not lead to a clear desensitisation as demonstrated by the high standard error. Using bacterial elicitor as first stimulus only a slight desensitisation was ob- 
Alkalinization o f the culture medium
For measurements of pH-changes induced in the culture medium cells were treated in the same way as for the determination of H20 2 except that an unbuffered medium (see Methods) was used. The fungal elicitors induced a transient pH-increase in the culture media of the four cultivars. The pHvalues started to rise 5 min after elicitation, reached a maximum after 20-40 min and after ap proximately 70 min the initial pH-value was ob tained again (Fig. 4) . As already seen for the oxi dative burst the reactivity of the cells of the soybean cultivars to the various elicitor prepara tions significantly differed. The differences in the intensities of the pH-response between the culti vars corresponded with the results obtained for the measurements of the oxidative burst. Elicitors causing a strong oxidative burst were also capable of inducing a greater transient pH-increase. Thus, the maximal pH-increase stimulated by Riso-elici tor in the cell suspension cultures of cultivars Wilis, Lumut and Doko RC was 0.5-0.6 pH-units. For cell suspension cultures of cv Kalmit the increase was only 0.2 pH-units whereas the effects caused by Pmg-elicitor were generally very small (Fig. 4) .
Furthermore, except for the application of Psg02 to cell suspension cultures of cv Wilis bacte rial elicitors did not induce a transient alkaliniza tion in cell suspension cultures of cv Wilis and Lu mut (data not shown).
In all cultivars the alkalinization was followed by a strong acidification of the medium. Control cells also showed an acidification of the culture medium, however, right after onset of the experi ment. This reaction is probably the consequence of the uptake of ions from the culture medium ca talysed by the activity of the plasma membrane H + -ATPase. Especially ammonium nutrition leads to an extracellular increase of protons (Kirkby and Mengel, 1962) .
The strong correlation between the elicitor-stimulated oxidative burst and the extracellular pHchanges indicated that there should be a causal relationship between the two reactions. However, further analyses with an inhibitor of the oxidative burst (diphenyleneiodonium, DPI) showed that in hibition of the oxidative burst was much stronger (65 % ± 9.02) than suppression of the alkaliniza tion response (35 % ± 10.82). 
Oxidative cross-linking
Elicitation of soybean cells also resulted in peroxidative cross-linking of two cell wall proteins (p33, proline-rich protein; plOO, a putative mem ber of hydroxyproline-rich glycoprotein family) catalysed by peroxidases (Bradley et al., 1992) . Ki netics of this insolubilisation process differed be tween the cultivars. Thirty min after treatment with the fungal elicitors p33 and p i 00 could no longer be visualized in the extracts of cv Wilis, Lumut and Doko RC. In cv Kalmit the reaction was only completed after 90 min (data not shown).
Phenylpropanoid metabolism
The key enzyme of phenylpropanoid metabo lism, phenylalanine ammonia lyase (PAL), was stimulated by Riso-Elicitor as well as by bacteria (Psg02) in cell suspension cultures of the soybean cultivars Wilis, Lumut and Kalmit, repectively. Time courses and total enzyme activities varied between the cultivars and elicitors (Fig. 5) . PAL activity of cells from cv Wilis and Kalmit was much higher after addition of Riso-elicitor than after ap plication of bacterial suspension. In contrast, cells of cv Lumut reacted nearly equally strong to both elicitors though the high standard error has to be considered. Thus, as already seen for the rapid de fence reactions, time courses and total activities also varied for this slow defence response between cultivars and elicitors.
The activation of PAL in soybean often corre lates with the production of isoflavonoid phyto alexins (Börner and Grisebach, 1982) . In the three cell suspension cultures used for the determination of PAL activity neither Riso-elicitor nor bacterial suspension induced any increase in chalcone syn thase activity, a specific enzyme of flavonoid me tabolism, until 24 hours after elicitor treatment. Furthermore, accumulation of glyceollin phyto alexins was also not observed (data not shown).
However, the investigated fungal and bacterial elicitors tested induced an accumulation of soluble phenolics in the culture medium. There was a slightly stronger induction by the fungal elicitors than by the bacterial pathogens (Fig. 6 ). Relative reactivity against the different elicitors was the same for the three cultivars but the total increase in soluble phenolics when compared to watertreated control was higher in suspension cultures of cv Lumut (160% after addition of Riso-elicitor) than of cv Kalmit and Wilis (120 % each).
Time after addition of elicitor (h) Fig. 5 . Induction of phenylalanine ammonia lyase in cell suspension cultures of three soybean cultivars by fungal and bacterial elicitors. Riso-elicitor -crude cell wall extracts of R h izo cto n ia solan i (100 [ig/ml medium), Psg02 -bacterial suspension of P seu dom on as syringae pv. glycin ea isolate 02 (od500=0.2, 50 |j,l/ml medium). As control an equal amount of sterile MES-buffer (0.5 m M , pH 6.0) was added. Data are means (± se) of two inde pendent experiments.
PR-proteins
ß-l,3-Glucanase and chitinase enzyme activities in soybean cell suspensions cultures of cultivars Wilis, Lumut and Kalmit, respectively, were deter mined in tissue extracts and in the culture medium following treatment with Riso-elicitor and bacte rial suspension (Psg02).
As demonstrated in Fig. 7 both elicitors in duced an increase in chitinase activity with sim ilar kinetics in the culture medium and in the cell extracts. In general the enzyme activity per flask was higher in the extracellular compart ment than in the cells. In the culture medium of . Accumulation of soluble phenolic compounds in the culture medium of cell suspension cultures of three soybean cultivars by fungal and bacterial elicitors. Phe nolic compounds were determined by Folin-Ciocalteous phenol reagent. The fungal elicitors were crude cell wall extracts (100 [xg/ml medium) of R h izo cto n ia solani (Riso-elicitor) and P h yto p h th o ra sojae (Pmg-elicitor), respectively. The bacterial elicitors were two isolates of living cells of P se u d o m o n a s syrin gae pv. glycin ea (PsgOl/ 02) (od500=0.2, 50 ^1/ml medium). As control an equal amount of sterile bidistilled water or MES-buffer (0.5 m M , pH 6.0) was added. Data are means (± se) of four independent experiments. cv Lumut and Wilis the increase was stronger after addition of Riso-elicitor (1.5-and 2-fold, respectively) than after application of bacterial suspensions (1.3-fold). In contrast, in cell suspen sion cultures of cv Kalmit both elicitors caused a 2-3-fold augmentation. The highest chitinase activity was generally found more than three days after addition of the elicitors. In contrast to the elicitor-induced chitinase ac tivity ß-l,3-glucanase activity was mainly stim ulated in the cells. The relative intensity of ß-1,3-glucanase induction by the two elicitors (Fig. 8 ) was similar to chitinase activity. ß-l,3-Glucanase stimulation by bacteria (Psg02) in cell suspension cultures of cv Wilis and Lumut was much less pro nounced than by Riso-elicitor, whereas cells of cv Kalmit were nearly equally sensitive to both elici tors.
Discussion
Considerable differences in the elicitor activity of different elicitor preparations as shown in this study have been observed for early or late defence responses in other systems too. Treatment of to bacco cells with pectin lyase and oligogalacturonides demonstrated a differential reactivity with regard to the elicitor-induced alkalinization of the culture medium and to the extracellular accumula tion of H 20 2 (Rouet-Mayer et al., 1997) . In soy bean cotyledons glucomannans extracted from cell walls of Pmg with soybean ß-l,3-endoglucanase were the most active elicitors for phytoalexin syn thesis followed by carbohydrates from Pmg whereas chitin and chitosan exhibited a very low activity (Keen et al., 1983) . The results indicate that in addition to signal recognition cells possess the ability to finely regulate the signal transduc tion pathway.
Cellular reactivity in terms of time courses and intensities of defence responses was not only dif ferent with regard to the various elicitor-preparations but also varied significantly when cells of the four cultivars Wilis, Lumut, Kalmit and Doko RC 7, 8) were compared. Cultivar-specific differences are mainly described for compatible and incompatible interactions. For example, soy
Days after addition of elicitor Fig. 8 . Induction of ß-l,3-glucanase activity in cells of three soybean cultivars by fungal and bacterial elicitors. Riso-elicitor -crude cell wall extract of Rhizoctonia solani (100[ig/ml medium), Psg02 -bacterial suspension of Pseudomonas syringae pv. glycinea isolate 02 (od500= 0.2, 50 ^,1/ml medium). As control an equal amount of sterile MES-buffer (0.5 mM, pH 6.0) was added. Data are means (± se) of two independent experiments. bean and chickpea cells show a slower and weaker induction of phenylpropanoid metabolism and of phytoalexins in compatible than in incompatible interactions (Börner and Grisebach, 1982; Daniel et al., 1989) .
Such elicitor-and cultivar-specific differences could be due to a differential dose-dependency of the perception system as postulated by Kombrink and Hahlbrock (1986) . Support for this hypothesis are measurements of the reactivity of cells of spe cies of the family Fabaceae after treatment with the ß-glucan-elicitor from P. sojae (Cosio et al., 1996) . The same quantitative response (accumula tion of phytoalexins) in chickpea cell suspension cultures required a 40-to 100-fold amount of elici tor than necessary for the other legumes analysed in that study. Furthermore, according to Bourque et al. (1998) the modulated reactivities may be de termined by initial transduction steps which acti vate more or less efficiently a common down stream pathway. According to recent publications the information required for the intensity and time course of defence responses after the recognition of the elicitor could be transferred by Ca2+ signals (Goddard et al., 2000) .
Rapid release of active oxygen species is a char acteristic response of plant cells to elicitor prepa rations or inoculation with microbial pathogens (Wojtaszek, 1997) . This elicitor-induced oxidative burst is responsible for the peroxidative cross-linking of structural cell wall proteins which renders the plant cell wall less digestible to cell wall de grading enzymes (Brisson et al., 1994) . In the four soybean cultivars investigated in this study the peroxidative cross-linking of the proline-rich pro tein p33 and of a putative hydroxyproline-rich gly coprotein occurred after treatment with the fungal elicitors. At first glimpse for cv Kalmit there was no correlation with the elicitor-stimulated oxida tive burst because the oxidative burst was induced five minutes after elicitor-treatment (Fig. 1) whereas the insolubilisation was finished only af ter 90 min (data not shown). The reason for this discrepancy might be that the oxidative burst was measured 2 Vi h after cell transfer. The samples for the insolubilisation were taken on day five after subculture without cell transfer. Thus, in contrast to the cells of the other three cultivars cells of cv Kalmit seem to secrete substances (e. g. antioxi dants) which delay the release of H 20 2 and the peroxidative cross-linking of cell wall proteins. A similar delayed reaction was also obtained with cell suspension cultures of Echinacea purpurea (Schelhaas et al., 2000) . The maximal H 20 2 stimu lation and the insolubilisation of a putative hydroxyproline-rich cell wall glycoprotein of 200 kDa occurred more than 120 min after elicitation.
The consecutive treatment of cells with the same or another elicitor gave a further hint on the re cognition process. The application of the bacterial suspensions as first elicitor did not decrease the induction of H 20 2 when a second bacterial or fun gal stimulus was applied (Table I) . In contrast, a subsequent challenge with fungal elicitor led to a partly refractory state (desensitisation). Desensiti-sation was also observed in tomato and tobacco cells (Felix et al., 1998; Binet et a l, 1998) . On the other hand, a refractory state could not be shown in cell cultures derived from wild species of to mato after repeated application of chitin (Felix et al., 1998) . The reasons for this differential behavi our of plant cells is unknown. In the animal system desensitisation is caused by sequestration or down-regulation of the (ß-adrenergic) receptors from the cell surface as well as by covalent modifi cations (phosphorylation) of the receptors (Sibley and Lefkowitz, 1985; Sibley et al., 1987) .
Extracellular alkalinization of the culture me dium is an often used marker for the induction of defence responses. Our work shows a close corre lation in time courses and intensities between the accumulation of H 20 2 and the extracellular alka linization (Figs. 1, 3, 4) but the addition of an in hibitor of the oxidative burst had a stronger decreasing effect on the H 20 2 induction than on the alkalinization. This indicates that the two reac tions are mostly unrelated and the alkalinization may be due to an activation of ion channels and to a transient inhibition of the plasma membrane H + -ATPase (Pugin and Guern, 1996) . This is in accordance with the results obtained by Tenhaken and Riibel (1998) .
Bacterial suspensions (Psg02) induced a signifi cantly weaker H 20 2 accumulation than Riso-elicitor in cell suspension cultures of cv Lumut and Kalmit (Fig. 3) but the height of PAL-activity (Fig. 5) and PR-protein induction (Figs. 7, 8) , respectively, was nearly equivalent for both elici tors. It is possible that different elicitor-active sub stances stimulate both the early and late defence reactions. Two different eliciting compounds have been found in an elicitor-preparation from Verticillium dahliae (Davis et al., 1993) . Furthermore, these observations indicate that the activation of PR-proteins, of phenylpropanoid metabolism and of the oxidative burst are activated by several at least partly unrelated signal reaction chains. This hypothesis is corroborated by the study of Hein (2000) . When analysing a broad spectrum of elicitor-induced defence genes in chickpea cells she showed that there were no two genes activated with the same kinetic.
The induction of phenylpropanoid metabolism in soybean cells and plants often coincides with the accumulation of the isoflavonoid phytoalexins glyceollin I -III. In contrast, in our study during the 24 h of incubation the bacterial (Psg02) and fungal (Riso) elicitors stimulated PAL-activity but did neither lead to an induction of chalcone syn thase, the introductory enzyme of flavonoid me tabolism. nor of phytoalexins. The unlinked ex pression of the two enzymes was observed by Ebel et al. (1984) as well. In the present work the pro ducts of phenylpropanoid metabolism seem to be used for the production of secreted phenolic sub stances (Fig. 6) . These phenolics may have antimi crobial activity (Nicholson and Hammerschmidt, 1992) . But they may also reinforce the plant cell wall (Graham and Graham, 1991) .
Extensively as in our work several other studies have demonstrated that chitinases mainly accumu late extracellularly and ß-l,3-glucanases intracellu larly (Vogelsang and Barz, 1990) . It is hypothes ised that these hydrolytic enzymes function on the one hand as a last line of defence because when the cells collapse the hydrolytic enzymes are re leased (Mauch and Staehelin, 1989) . Furthermore in in vitro studies it was shown that they are capa ble to stop the growth of pathogens (Mauch et al., 1988) . On the other, hand ß-l,3-glucanases may contribute to a release of endogenous elicitoractive substances from the pathogens' cell walls (Keen and Yoshikawa, 1983) . In this work the rel ative elicitor-induced intensities of ß-l,3-glucanase and chitinase-activities were similar but the time courses differed significantly. Thus, the two en zyme classes are probably differentially regulated. Conrads-Strauch et al. (1990) revealed a dif ferential activation of ß-l,3-glucanases and chi tinases in Brassica campestris after infection with living or heat-killed avirulent bacteria o f Xanthomonas campestris pv. vitians. Several other publi cations also found the induction of different iso forms in compatible and incompatible interactions (Yi and Hwang, 1996) . Future work will have to test if the cultivar-and elicitor-specific differences found in the cell sus pension cultures also occur in plants and can be correlated with resistance.
